kidney. However, several of these cellular mechanosensors remain unknown in many of these 7 tissues. 8 A primary cilium is a solitary, non-motile, microtubule-based cellular antenna that extends 9 from the surface of nearly every cell in the human body [Davenport and Yoder, 2005] , 10 including bone cells [Hoey et al., 2011b ; Kwon et al., 2010] and kidney cells [Downs et al., 11 2012]. The primary cilium consists of a membrane bound axoneme containing nine 12 circumferentially arranged doublet microtubules, which extend upwards from the mother 13 centriole/basal body. Unlike motile cilium and flagellum, primary cilia lack two additional 14 central microtubules. Moreover, the doublets of motile cilia and flagellum are interconnected 15 via nexin links, which in combination with radial spokes, reinforce the axoneme resulting in 16 an order of magnitude increase in the resistance to bending (flexural rigidity) in comparison 17 to primary cilia [Downs et Schwartz et al., 1997] . This demonstrates that, at these scales, even a small change in 19 molecular arrangement can generate a dramatic difference in organelle level mechanical 20 behavior. The basal body functions as the template for ciliogenesis and represents the 21 transition between the ciliary axoneme and the cytoplasmic compartments of the cell. 22 Moreover, the basal body regulates protein entry and exit from the cilia compartment 23 [Berbari et al., 2009] .The basal body is connected to a collar of conical structures known as 24 5 basal feet which extend laterally forming attaching points for cytoskeletal microtubules 1 [Albrecht- Buehler and Bushnell, 1980; Hoey et al., 2011a] . This means that microtubules 2 significantly contribute to the structural integrity of basal body and to the anchoring of 3 primary cilia. 4 Cilia are assembled by the conserved process of intraflagellar transport (IFT). IFT is a 5 bidirectional microtubule-based motility process during which groups of large protein 6 complexes (IFT particles) are transports along the axonemal doublet microtubules from the 7 base of the cilium to its distal tip by kinesin-2-motors and then from the tip back to the cell 8 body by cytoplasm dynein-2 [Pedersen and Rosenbaum, 2008] . IFT particle consists of two 9 distinct subcomplexes (complexes A and B). Complex B functions in anterograde transport 10 from the base to the tip of the cilium, while complex A is needed for retrograde movement 11 from the tip back to the base of the cilium [Berbari et al., 2009] . IFT is thought to be the sole 12 mechanism for transporting proteins required for cilia assembly, maintenance, and function 13 to their location in the axoneme, and that mutations leading to defective IFT can result in the 14 development of severe diseases and developmental defects [Davenport and Yoder, 2005] . 15 In the past few decades several studies have revealed the cilium to play an important 16 mechanosensory role in numerous tissues [Singla and Reiter, 2006] Several studies have attempted to count the number of microtubules emanating from the basal 12 body and the results vary from 10 to 100 depending on the cell type [Alieva et al., 1992] . 13 Moreover, it has been discovered that the mean number and length changed depending on 14 cell attachment, spreading and migration where long microtubules were more prominent in 15 spread out, fully adhered cells [Gudima et al., 1983a; Gudima et al., 1983b] . In a fully 16 adhered, polarized cell, the cilium would extend perpendicular into the extracellular 17 environment. Interestingly, a decrease in the shear response marker KLF2 to an applied fluid 18 flow induced force was found after disrupting the microtubule network in epithelial cells 19 while maintaining the primary cilium. A similar decrease was seen in cells from which cilia 20 were removed keeping the microtubule network [Hierck et al., 2008] . This demonstrates that 21 the cilium mediated cell response to shear stress depends on microtubular integrity and a that these changes depend on the presence of the primary cilium. To determine whether this loading-induced increase in MTs at the base of the cilium is time-9 dependent 1Pa oscillatory flow was applied for 15minutes and 2 hours in addition to the 1hr 10 presented previously. Figure 5A shows examples of the quantification made for these two 11 different conditions for both cell types. Significant increases in the number of microtubules 12 with the duration of flow were observed for both cell types ( Figure 5B ).
13
To determine whether this loading-induced increase in microtubules at the base of the cilium 14 is magnitude-dependent, oscillatory fluid flow was applied for 1hr but with 2Pa as shear rate 15 in addition to the 1Pa presented previously. Examples of the quantification made for the 2Pa 16 flow situation is shown in Figure 6A . The results obtained are present in Figure 6B . It is clear 17 that the number of microtubules rise with the increase of the shear from oscillatory fluid flow. Figure 8B and Figure 8C ). 4 It should be noted that, when imaged, the majority of the cells that were transfected with 5 IFT88 siRNA did not show primary cilia ( Figure 8A ) and very few presented shortened cilia. physical signal into a biochemical response represents a critical gap in current knowledge. 18 The results of this study demonstrate that the application of oscillatory fluid flow alters the 19 cellular microtubule network in a magnitude and time dependent manner. We found that 20 oscillatory fluid flow induce microtubule networks to have a more dense, yet buckled 21 structure. Dynamic flow also led to an increase in the number of microtubules attached to the 22 base of the primary cilium. Moreover, these increases did not occur after primary cilia 23 11 removal. Our findings prove the importance of fluid flow in the mechanotransduction process 1 in these cell types. Additionally, the results demonstrate that the primary cilium mediated 2 flow-induced mechanism depends on the microtubule network at the base of the cilium which 3 provides stabilization to the cilium. Therefore this study gives new insights into a new role 4 for primary cilia in the mechanotransduction process. 5 We demonstrated that oscillatory fluid flow increased the amount of microtubule protein 6 (polymerized β-tubulin) and induced microtubule networks to be more dense and buckled of high cytoskeletal loads due to the high bending moments that would be present there. Also, 17 the ciliary anchorage is known to be a center of biochemical signaling, suggesting that it may 18 be a link for the integration of physical and biochemical signaling. 19 Interestingly, we found that the increase in the number of microtubules surround the cilium 20 observed for both cell types did not occur after the removal of primary cilia which leads to 21 the conclusion that this dynamic cytoskeletal process is mediated by primary cilia. Two 22 possible explanations can be proposed for these observations. On one hand, the mechanism 23 by which the cell senses the flow and increases the microtubules anchoring primary cilia type-1 collagen (0.15mg/ml, BD) coated microscope slides. 24h after seeding, media was 6 changed to serum-free media for 48h to synchronize the cell cycle and promote ciliogenesis 7 [Ruhfus et al., 1998 ] before the application of fluid flow. Oscillatory fluid flow was applied to cells using a parallel plate flow chamber which has been 10 described previously [Jacobs et al., 1998 ]. Briefly, oscillatory fluid flow was driven by 11 Hamilton glass syringes in series with rigid walled tubing and a parallel plate flow chamber.
12
The syringe was mounted in and driven by a previously described custom-built mechanical 13 loading device [Jacobs et al., 1998 ]. The flow rate was selected to yield a peak shear stress 14 of either 1Pa (28ml/min) or 2Pa (56ml/min). Cells were exposed to this type of mechanical 15 stimulus for different time periods (15min, 1h and 2h). No flow control slides were similarly 16 loaded into flow chambers, but fluid flow was not applied. The image processing procedure used in this study is captured in Figure 9 . The stack is first 18 opened in Fiji where the primary cilium, the basal body and the network of microtubules are 19 identified ( Figure 9A ). Images are then converted into black and white pictures ( Figure 9B ).
20
This step is followed by the segmentation where paths are found between two different 21 points. The first structure identified is the primary cilium and a path is found between a point 22 on the tip and a point on the base. After that the segmentation of microtubules starts and it is 23 18 the same for each microtubule. Each microtubule originates from the base of the cilium 1 ( Figure 9C ). 
